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Flow control device 



(57) The flow control device or valve used in a power 
steering system of an automotive vehicle. A housing (1 ), 
an axially extending hole (H) in which a spool valve (1 4) 
is movable. A first pressure chamber (15) is defined in 
the hole, with one end of the spool valve. A drain pas- 
sage (19) is opened to the first pressure chamber and 
closable with the spool valve. A second pressure cham- 
ber (1 6) is defined in the hole, with the other end of the 
spool valve, A restricting orifice (9) communicates with 
the first pressure chamber (15). An introduction pas- 
sage (20) communicates through the orifice (9) with a 
discharge passage (8) and is opened to the first pres-- 
sure chamber (15). The pressure in the discharge pas- 
sage (18) is introduced via communication passages 
(21,25) to the second pressure chamber (16). A first 
spring (1 7) is disposed in the second pressure chamber 
(16) to bias the spool valve in a direction to close the 
drain passage (1 9). A spring holding member (37) mov- 
ably and coaxially disposed in the hole (H) has a first 
end face (40) defining the second pressure chamber 
(16) and a second end face (41) which is larger in pres- 
sure-receiving area. The first spring (17) is disposed be- 
tween the spool valve and the first end face (40). The 
second end face (41) defines a pressure control cham- 
ber (36) communicated with the second pressure cham- 
ber (16). Additionally a second spring (48) is provided 
to bias the spring holding member (37) in a direction to 
reduce the volume of the pressure control chamber (36). 
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D script! n 

This invention relates to improvements in a flow 
control device or valve, for example, used In a power 
steering system of an automotive vehicle to control at s 
predetermined levels the flow amount of hydraulic fluid 
to be supplied from a power source to an actuator of the 
power steering systehn. 

In a power steering system for assisting manual 
steering effort or torque in an automotive vehicle using 
a hydraulic fluid as a working fluid, a hydraulic fluid pump 
is usually employed as a power source to supply the hy- 
draulic fluid to an actuator of the power steering system, 
in which the pump is mounted on the vehicle and driven 
by an internal combustion engine. Here, in general, the 
power steering system is required to provide a sufficient 
and high assisting force for the steering effort during 
stopping and low speed cruising of the vehicle, i.e., at 
low engine speeds of the engine. In other words, it is not 
required to provide a high assisting force during high ve* 
hicte speed cruising or at high engine speeds, in which 
road wheel contacting resistance is lower than that dur- 
ing the low vehicle speed cruising. Accordingly, the hy- 
draulic fluid pump whose pump output increases in pro- 
portion to the engine speed can not be suitable for the 
power source of the power steering system as it is. 

In view of the above, power steering systems usu- 
ally employ the following flow amount control of the hy- 
draulic fluid by using a flow control device or valve. The 
whole amount of the hydraulic fluid discharged from the 
pump is supplied to the actuator of the power steering 
system in idling and low engine speed ranges so as to 
obtain a high assisting force for the steering effort. On 
the contrary, flow of hydraulic fluid discharged from the 
pump is restricted by a restricting orifice when the en- 
gine speed of the engine increases to a certain level, so 
that an excess amount of hydraulic fluid is returned to a 
hydraulic fluid reservoir. 

Additionally, in recent years, flow control devices 
have been proposed to accomplish such operation that 
the amount of the excessive hydraulic oil to be returned 
to the reservoir increases at a neutral position of a steerr 
ing wheel requiring no steering effort assisting force, 
thereby reducing the amount of hydraulic fluid to be sup- 
plied to the actuator of the power steering system for the 
purpose of achieving an energy saving. 

A flow control device of the above-type is disclosed, 
for example, in Japanese Patent Provisional Publication 
No. 6-8840. This flow control device has a flow control 
valve. The flow control valve includes a spool valve 
which is movably disposed in a spool valve accommo- 
dating hole and defines first and second pressure cham- 
bers in the spool valve accommodating hole. A fluid in- 
troduction passage which is corhmunlcated through a 
restricting orifice to a fluid discharge passage is opened 
to the first pressure passage, white a fluid drain passage 
is open to the first pressure passage. The fluid discharge 
passage leads to the actuator of the power steering sys- 



tem. Fluid pressure in the fluid discharge passage is in- 
troduced into the second pressure chamber Additional- 
ly, a spring is disposed in the second pressure chamber 
to bias the spool valve in a direction to reduce the vol- 
ume of the first pressure chamber. Under the action of 
this flow control valve, a required amount of hydraulic 
fluid is introduced from the fluid introduction passage 
through the restricting orifice to the fluid discharge pas- 
sage, while an excess amount of hydraulic fluid relative 
to the required amount is returned to the reservoir 
through the drain passage which is opened and closed 
in accordance with axial movement of the spool valve. 

The flow control device further includes a bypass 
valve which is operated in response to the pressure in 
the fluid discharge passage and arranged as follows. 
When the pressure in the fluid discharge passage is low- 
ered at a neutral position of the steering wheel (at which 
the actuator of the power steering system is not operat- 
ed), the bypass valve causes the second pressure 
chamber of the flow control valve to be brought into com- 
munication with a low fluid pressure side (such as the 
fluid reservoir side), thereby increasing an opening area 
of the drain passage under the axial movement of the 
spool valve thus reducing the amount of hydraulic fluid 
to be supplied to the actuator of the power steering sys- 
tem. 

Thus, according to the above -discussed conven- 
tional flow control device, the flow amount of hydraulic 
fluid in the discharge passage is lowered by moving the 
spool valve upon establishing fluid communication of 
the second pressure chamber of the flow control valve 
with the low fluid pressure side under the action of the 
bypass valve. 

Now, as discussed above, the fluid pressure in the 
fluid discharge passage is introduced into the second 
pressure chamber of the flow control valve. In other 
words, the second pressure chamber is supplied with 
the fluid pressure prevailing at the downstream side of 
the restricting orifice, and therefore the hydraulic fluid 
which has been passed through thel-estricting orifice is 
drained to the low fluid pressure side. Consequently, a 
part of the hydraulic fluid passes through the restricting 
orifice even when the actuator of the power steering sys- 
tem is not operated. As a result, the pump is required to 
maintain such a predetermined discharge pressure to 
allow hydraulic fluid to pass through the restricting ori- 
fice. Thus, the punrip unavoidably performs unneces- 
sary work thereby countering energy saving. 

It would therefore be desirable to be able to provide 
a flow control device which can effectively overcome 
drawbacks encountered in conventional flow control de- 
vices or valves, for example, used in power steering sys- 
tems of automotive vehicles. 

It would also be desirable to be able to provide an 
improved flow control device which can effectively sup- 
press unnecessary energy consumption of a fluid pump 
when an actuator operated by a fluid pressure is requir- 
ing a low fluid pressure under a non-operated condition 
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of the actuator, thereby achieving a sufficient energy 
saving. 

It would also be desirable to be able to provide an 
improved flow control device of a power steering system 
having an actuator operated under pressure of a hy- s 
draulic fluid, by which device the hydraulic fluid can be 
returned to a low pressure side such as a reservoir, be- 
fore passing through a restricting orifice leading to the 
actuator 

A^flow control device of the present invention com- io 
prises^an axially extending hole in which a spool valve 
is movably disposed having first and second ends. A first 
pressure chamber is defined in the hole, with the first 
end of.the spool valve. A drain passage is opened to the 
first pressure chamber and closable with the spool 
valve. A second pressure chamber is defined in the hole, 
with the second end of the spool valve. A restricting or- 
ifice is communicated with the first pressure chamber. 
An introduction passage is communicated through the 
restricting orifice with a discharge passage and opened 
to the first pressure chamber. The pressure in the dis- 
charge passage is introduced to the second pressure 
chamber A first spring is disposed in the second pres- 
sure chamber to bias the spool valve in a direction to 
close the drain passage. The second pressure chamber 
is defined also by a spring holding member movably and 
coaxially disposed In the second pressure chamber The 
spring^holding member has a first end face defining the 
second pressure chamber and a second end face which 
is larger in pressure-receiving area than the first end 
face. The first spring is disposed between the spool 
valve and the first end face of the spring holding mem- 
ber. Additionally, the spring holding member defines at 
its second end face a pressure control chamber which 
is communicated with the second pressure chamber A 35 
second spring is provided to bias the spring holding 
member in a direction to reduce a volume of the pres- 
sure control chamber. 

With this arrangements hydraulic fluid from the hy- 
draulic fluid pump is introduced through the iritVoduction 
passage into the first pressure chamber Then, hydraulic 
fluid in the first pressure chamber is distributed into the 
discharge passage (through the restricting orifice) and 
the drain passage only when the drain passage is 
opened owing to movement of the spool valve under the 
action of the pressure differential between the upstream 
and downstream sides of the restricting orifice. A dis- 
tributed flow portion into the drain passage is an excess 
amount flow of hydraulic fluid to be returned to the suc- 
tion side of a hydraulic fluid pump and to a hydraulic fluid 
reservoir. The other distributed flow portion to the dis- 
charge passage is introduced to an actuator (having the 
pressure surfaces) of a power steering system thereby 
providing a necessary power-assist force for assisting 
a driver's steering effort. Here, the first spring is in urging 
contact with the spring holding member to bias the 
spring holding member and the spool valve in a direction 
to separate from each other The spring holding member 
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is biased iri a direction away from the spool valve by the 
second spring. Accordingly, when the pressure in the 
pressure control chamber is low relative to a predeter- 
mined level (for example, when the actuator of the pow- 
er steering system is not operated), the spring holding 
member is biased under the biasing force of the first 
spring so as to be brought into a position far from the 
spool valve. As a result, hydraulic fluid supplied to the 
first pressure chamber is returned to the suction side 
(not shown) of the hydraulic fluid pump and the hydraulic 
fluid reservoir through the drain passage before flowing 
through the restricting orifice, under a non-operated 
condition of the power steering system in which where 
no hydraulic fluid is required in the actuator. This causes 
the discharge pressure of the hydraulic fluid pump to be 
lowered thereby reducing the amount of work of th 
pump, thus effectively achieving energy saving. 

In the drawings, same reference numerals desig- 
nate same parts and elements throughout all the figures, 
in which: 

Fig. 1 is a fragmentary vertical sectional view of a 
first embodiment of a flow control valve in accord- 
ance with the present invention, showing an op r- 
ational mode of the device; 

Fig. 2 is a sectional view similar to Fig. 1 but show- 
ing another operational mode of the device of Fig. 1 ; 
Fig. 3 is a graph of a flow amount characteristic ob- 
tained by the device of Fig. 1 ; 
Fig. 4 is a fragmentary vertical sectional view of a 
second embodiment of the flow control valve in ac- 
cordance with the present inventio% showing an 
operational mode of the device; 
Fig. 5 is a fragmentary vertical sectional view show- 
. ing an essential part of the device of f ig. 4, showing 
another operational mode of the device of Fig. 4: 
Fig. 6 is a graph of a flow amount characteristic In 
terms of pressure within a hydraulic fluid pump-ob- 
tained by the device of Fig. 4; 
Fig. 7 is a graph of a flow amount characteristic in 
terms of a rotational speed of the hydraulic fluid 
pump, obtained by the device of Fig. 4; 
Fig. 8 is a fragmentary vertical sectional view of a 
third embodiment of the flow control device accord- 
ing to the present invention, showing an operational 
mode of the device; 

Fig. 9 is a sectional view similar to Fig. 8 but show- 
ing another operational mode of the device of Fig. 8; 
Fig. 10 is a sectional view similar to Fig. 8 but show- 
ing a further operational mode of the device of Fig. 

8; ^: 
Fig: 11 is a graph of a flow amounUcharacteristic 
obtained by the device of Fig. 8; 
Fig. 12 is a plan view showing an eccentric cam 
forming part of the device of Fig. 8: 
Fig. 13 is a fragmentary vertical sectional view of a 
fourth embodiment of the flow control device ac- 
cording to the present Invention, showing an oper- 
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ational mode of the device; 

Fig. 14 is a sectional view similar to Fig. 13 but 

showing another operational mode of the device of 

Fig. 13; 

Fig. 15 is a sectional view similar to Fig. 13 but s 
showing a further operational mode of the device of 
Fig. 13; 

Fig. 16 Is a sectional view similar to Fig. 13 but 
showing a still further operational mode of the de- 
vice of Fig. 13; io 
Fig. 17 is a sectional view similar to Fig. 13 but 
showing a stilt further operational mode of the de- 
vice of Fig. 13; and 

Fig. 18 is a graph of a flow amount characteristic 
obtained by the device of Fig. 13. 

Referring now to Figs. 1 and 2, a first embodiment 
of a flow control device or valve in accordance with the 
Invention which will be referredto as flow control valve 
F. The flow control valve F of this embodiment is used 20 
in a power steering system for an automotive vehicle. 
The flow control valve F comprises a housing 1 which 
is formed integral with a pump body 2 in which a pump 
mechanism (not shown) of a hydraulic fluid pump is dis- 
posed. The housing 1 is formed with an axially extending 2S 
hole or bore H which is circular in cross-section and 
opens at the opposite side wall surfaces of the housing 
5. One end of the hole H is sealingly closed with a gen- 
erally cap-shaped plug 4. in which a seal ring 3 is dis- 
posed between the plug 4 and the housing 5. The other 30 
end of the hole H is sealingly closed with a generally 
cylindrical connector 7 which is screwed in the hole 5 to 
be fixed in position and sealed with a seal ring 6 dis- 
posed between the plug 4 and the housing 5. 

The connector 7 defines there inside an axial dis- ^5 
charge or pressure passage 8 which is to be communi- 
cated with a power steering control valve (not shown) 
through which hydraulic fluid from the flow control valve 
F is supplied to an actuator (not shown) having pressure 
surfaces that are used to assist steering effort. The con- -^o 
nector 7 is further formed with a restricting orifice 9 
which is communicated and coaxial with the discharge 
passage 8. An axially extending passage 10 is defined 
inside a cylindrical section (no numeral) of the connector 
7, and communicated and coaxial with the restricting or- -^5 
ifice 9. The passage 10 is located at an axially opposite 
side of the restricting orifice 9 with respect to the dis- 
charge passage 8. An annular peripheral groove 11 is 
formed at the outer peripheral surface of the connector 
7. A radially extending through-hole 12 is formed in the so 
connector 7.. and has a first end opened to the bottom 
of the peripheral groove 11 and a second end opened 
to the discharge passage 8 at a location near the re- 
stricting orifice 9. The peripheral groove 11 is sealingly 
covered with the Inner peripheral surface of the housing ss 
1 so as to define an annular passage. The cylindrical 
section (defining the passage 10) of the connector 7 Is 
formed at its tip end section with two opposite radial 



through-holes 13 which are In communication with the 
passage 10. 

The hole H of the housing 1 includes a spool valve 
accommodating hole section 5 which is located at the 
central part of the hole H. A spool valve 14 Is slldably 
inserted in the spool valve accommodating hole section 
5 and defines a first pressure chamber 1 5 and a second 
pressure chamber 16 In the hole H. The first pressure 
chamber 1 5 is formed between the connector 7 and the 
spool valve 14, while the second pressure chamber 16 
is formed in a part of a space between the plug 4 and 
the spool valve 1 4. The sipooi valve 1 4 is always biased 
toward the first pressure chamber 15 under a biasing 
force of a control coil spring 17 disposed in the second 
pressure chamber 16. The spool valve 14 Is arranged 
such that Its land section 18 normally closes a drain or 
return passage 19 which is in communication with the 
suction side of the hydraulic pump and a hydraulic fluid 
resen^oir (not shown). An introduction passage 20 con- 
nected to the discharge side of the hydraulic fluid pump 
Is opened to the first pressure chamber 1 5 so that hy- 
draulic fluid Is introduced into the first pressure chamber 
15. 

A straight passage 21 is formed in the housing 1 
and exterids generally parallel with the hole 5. The pas- 
sage 21 has its bottom closed and is closed at its open 
end section with a plug 22. One end section of the pas- 
sage 21 is in communication with the peripheral groove 
1 1 of the connector 7 through a pressure-responsive or- 
ifice 23 and an inclined hole 24, while the other end sec- 
tion of the passage 21 is In communication with the sec- 
ond pressure chamber 16 through a passage 25. The 
passage 25 is formed in the housing 1 and extends to 
diametrically pass through the second pressure cham- 
ber 16. The passage 25 has an end section connected 
to the passage 21 and the other end section closed with 
a plug 26. 

The spool valve 14 is formed with annular periph- 
eral groove 27 formed at the peripheral surface the 
spool valve 14. An axial hole 29 is formed in the spool 
valve 1 4 to have a closed bottom located near one end 
of the spool valve 1 4. The axial hole 29 is opened at the 
other end of the spool valve 14, Two opposite through- 
holes 28 are formed radially in the spool valve 1 4 in such 
a manner as to connect the peripheral groove 27 with 
the axial hole 29. 

A plug 33 having an axial through-hole (no numeral) 
is tightly fitted in the open end section of the axial hole 
29. A pressing member 32 is axially movably disposed 
in the axial hole 29 and located between the plug 33 and 
the closed bottom of the axial hole 29. A spherical valve 
member 30 is movably disposed between the plug 33 
and the pressing member 31 . The pressing member 31 
Is biased toward the plug 33 under a biasing force of a 
check spring 32 so that the spherical valve member 30 
is biased to be normally seated on a valve seat (no nu- 
meral) formed at the central portion of the tip end of the 
plug 33. The valve s at is communicated through the 
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axial through-hole with the second pressure chamber 
16. The pressing member 31 is also formed at one end 
face with a depression serving as a valve seat for the 
spherical valve member 30. When the spherical valve 
member 30 separates from the valve seat of the plug 

33, hydraulic fluid in the second pressure chamber 16 
flows to the side of the pressing member 31 . Thus, the 
spherica) valve member 30. the pressing member 31 , 
the check spring 32 and the like constitute a relief valve 

34. This relief valve 34 is adapted to release an exces- 
sive pressure in the discharge passage 8 which pres- 
sure is introduced through the pressure-sensitive orifice 
23 into the second pressure chamber 16. The plug 33 
is provided with a filter 35 located at the side of the sec- 
ond pressure chamber 16 to filter hydraulic fluid to be 
introduced from the second pressure chamber 16 into 
the axial through-hole of the plug 33. 

The hole H of the housing iricludes a large diameter 
hole section 5A which is continuous to the spool valve 
accommodating hole section 5 and has a diameter larg- 
er than that of the spool valve accommodating section 
5. Additionally, a further large diameter hole section 58 
is formed as a part of the hole H and continuous to the 
large diameter hole section 5 A. The hole section 5B has 
a diameter larger than that of the hole section 5A. A gen- 
erally cap-shaped spring holding member 37 is movably 
disposed in the hole section 5A and located between 
the spool valve 1 4 and the plug 4. The second pressure 
chamber 1 6 is defined between the spring holding mem- 
ber 37 and the spool valve 1 4. The spring holding mem- 
ber 37 has a large diameter flange section 39 which is 
slidably fitted inside a cylindrical section (no numeral) 
of the plug 4. The cylindrical section of the plug 4 is 
screwed in the hole section 5B of the hole H of the hous- 
ing 1 . The spring holding member 37 has a cylindrical 
section 38 which is slidably fitted inside the hole section 
5A of the hole H and has an outer peripheral diameter 
smaller than that of the flange section 39. The annular 
tip end of the cylindrical section 38 is contactable with 
an annular wall 47 defininglhe hole section 5A. A gen- 
erally cylindrical spring holding section 38A is formed 
integral with cylindrical section 38 and located radially 
inward of the cylindrical section 38. The control spring 
17 is held between the spool valve 14 and an annular 
end face (no numeral) of the spring holding section 38A 
so as to bias the spool valve 14 and the spring holding 
member 37 in a direction that they separate from each 
other. The spring holding member 37 has an end face 
40 which defines the second pressure chamber 16 and 
has a cross-sectional area corresponding to that of the 
second pressure chamber 16. The spring holding mem- 
ber 37 is provided at the other end face 41 with projec- 
tions which project toward and are to be brought into 
contact with the plug 4. The end face 41 Is located op- 
posite to the end face 40 to define the pressure control 
chamber 36. 

A spring accommodating chamber 44 is formed to 
be confined by the plug 4, the spring holding member 



37 and the inner wall of the housing 1 . A coll spring 43 
is disposed in the spring accommodating chamber 44 
and located between ari annular side wall (no numeral) 
of the hole section 5B of the housing 1 and an annular 
s side face of the flange section 39 of the spring holding 
member 37 to bias the spring holding member 37 in a 
direction away from the spool valve 14. The spring ac- 
commodating chamber 44 is in communication with the 
drain passage 1 9 through a pressure-responsive orifice 
45 and an inclined hole 46. A pressure control chamber 
36 is defined between the plug 4 and the spring holding 
member 37 and in communication with the second pres- 
sure chamber 16 through an axial passage formed 
through the spring holding member 37 so that pressure 
within the second pressure chamber 16 is introduced 
into the pressure control chamber 36. 

A manner of operation of the flow control valve F of 
this embodiment vyill be discussed hereinafter also with 
reference to Fig. 3. 

Hydraulic fluid from the hydraulic fluid pump is in- 
troduced through the Introduction jDassage 20 Into the 
first pressure chamber 15. Then, hydraulic fluid in the 
first pressure chamber 15 is distributed into the dis- 
charge passage 8 (through the restricting orifice 9) and 
the drain passage 1 9 only when the drain passage 1 9 
is opened owing to movement of the spool valve 1 4 un- 
der the actbn of the pressure differential between the 
opposite sides of the restricting orifice 9. A distributed 
flow portion into the drain passage 1 9 is an excessive 
amount flow of hydraulic fluid to be returned to the suc- 
tion side (not shown) of the hydraulic fluid pump and to 
the hydraulic fluid reservoir. The other distributed flow 
portion to the discharge passage 8 is introduced through 
the power steering control valve to the actuator (having 
the pressure surfaces) of the power steering system 
thereby providing a necessary power-assist force for as- 
sisting a driver's steering effort. : 

In a normal condition^ the spool valvei14 is biased 
to the side of the connector 7 under the biasing force of 
the control spring 1 7, In which the land section (or cylin- 
drical section) of the spool valve 14 is closing the drain 
passage 1 9. Accordingly, the whole amount of hydraulic 
fluid introduced into the first pressure chamber 15 is 
supplied through the restricting orifice 9 into the actuator 
of the power steering system. When the rotational speed 
of the hydraulic fluid pump increases to. raise a dis- 
charge amount of hydraulic fluid from the pump, the 
amount of hydraulic fluid to be introduced Into the first 
pressure chamber 15 increases under a flow restricting 
action of the restricting orifice 9. As a result, the spool 
valve 1 4 moves rightward taking a position shown in Fig. 
1 in accordance with a pressure differential between the 
opposite (upstream and downstream) sides of the re- 
stricting orifice 9, while a part of hydraulic fluid in the first 
pressure chamber 1 5 is introduced to the discharge pas- 
sage 8. The thus moved spool valve 1 4 opens the drain 
passage 1 9, and therefore an excess amount of hydrau- 
lic fluid is returned through the drain passage 19 to the 
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hydraulic fluid reservoir (not shown). 

Here, In this embodinnent, the control spring 17 Is in 
urging contact with the spring holding member 37. The 
spring holding member 37 has the end face 41 defining 
the pressure control chamber 36 and the opposite end 
face 40 defining the second pressure chamber 16. in 
which the former end face 41 defining the pressure con- 
trol chamber 36 is larger in axial pressure receiving area 
than the latter end face 40 defining the second pressure 
chamber 16. In other words, the projected area (on a, 
plane perpendicular to the axis of the hole H) of the 
former end face 41 defining the pressure control cham- 
ber 36 is larger than that of the latter end face 40 defining 
the second pressure chamber 16. Injhis connection, the 
pressure control chamber 36 is larger in cross-sectlonal 
area (perpendicular to the axis of the hole H) than the 
second pressure chamber 16. The spring holding mem- 
ber 37 is biased in a direction away from the spool valve 
14 by the spring 43. 

Accordingly, when the pressure in the pressure con- 
trol chamber 36 is low relative to a predetermined level, 
the spring holding member 37 Is biased under the bias- 
ing force of the spring 43 so as to be brought into a po- 
sition far from the spool valve 14 as shown in Fig. 1 . It 
will be understood that the pressure in the pressure con- 
trol chamber 36 is equal to that In the second pressure 
chamber 16 into which the pressure In the discharge 
passage 8 is introduced. On the contrary, when the pres- 
sure in the pressure control chamber 36 is high relative 
to the predetermined level, the spring holding member 
37 is moved toward the spool valve 14 against the bias- 
ing force of the spring 43 and comes into a position at 
which the tip end of the cylindrical section 38 is in contact 
with an annular wall (no numeral) defining the large di- 
ameter hole section 5A as shown in Fig. 2. Therefore, 
the spool valve 14 is movable in accordance with a bal- 
ance between the sum of the biasing force of the control 
spring 17 (having an installation length of LI) and the 
pressure in the second pressure chamber 16 and the 
pressure in the first pressure chamber 15, in which the 
spring holding member 37 is located in a position which 
is in accordance with the pressure in the pressure con- 
trol chainber 36. Thus, flow control in this flow control 
valve F Is accomplished under the above-mentioned 
balance. 

More specifically, when the pressure In the dis- 
charge passage 8 is low, the pressure in the pressure 
control chamber 36 is low so that the spring holding 
member 37 is located in the position at which the pres- 
sure control chamber 36 has its minimum volume. As a 
result, the biasing force (set load) of the control spring 
17 is lowered. Accordingly, the spool valve 14 is control- 
led by this control spring 1 7 having the thus lowered bi- 
asing force, and therefore the flow amount of hydraulic 
fluid passing through the restricting orifice becomes one 
indicated by a segment A-B in Fig. 3 which shows a var- 
iation of flow amount of hydraulic fluid flowing through 
the discharge passage 8 in terms pressure in the hy- 



draulic fluid pump. 

When the pressure in the pressure control chamber 
36 rises upon operating the actuator of the power steer- 
ing system or rotating a steering wheel of the vehicle 

5 relative to its neutral position, the spring holding mem- 
ber 37 moves toward the spool valve 14 while com- 
pressing the control spring 17 so that the set load or 
biasing force of the spring 1 7 is gradually increased. Ac- 
cordingly, the spool valve 1 4 is controlled in accordance 

10 with, the thus increased biasing force of the control 
spring 17 and the pressure differential between the op- 
posite sides of the restricting orifice 9. As a result, the 
flow amount of the hydraulic fluid passing through the 
restricting orifice 9 becomes one indicated by a segment 

IS B-C in Fig. 3. 

When the pressure in the pressure control chamber 
36 has reaches a predetermined high level, the spring 
holding member 37 is moved to the position to maxim ize 
the volume of the pressure control chamber 36, thereby 

20 rendering the set load or biasing force of the control 
spring the maximum. At this state, the spool valve 14 is 
controllably moved in accordance with the set load of 
the control spring 14 and the pressure differential be- 
tween the opposite sides of the restricting orifice 9. As 

2S a result, the flow amount of hydraulic fluid passing 
through the restricting orifice 9 becomes one indicated 
by a segment C-D in Fig. 3. 

When the actuator of the power steering system is 
not operated (or the power steering control valve or a 

30 steering wheel Is in neutral), the hydraulic fluid pressure 
within the discharge passage 8 is lowered, the spool 
valve 1 4 is moved toward the plug 4 against the biasing 
force of the control spring 1 7 within the second pressure 
chamber 16 to increase the opening area of the drain 

35 passage 1 9 in order to maintain the pressure differential 
between the opposite sides of the restricting orifice 9 at 
a constant level. This causes a large part of the hydraulic 
fluid introduced into the first pressure chamber 15 to flow 
into the drain passage 19 so as to lower the pressure 

40 within the hydraulic fluid pump, thereby reducing the 
amount of work of the hydraulic fluid pump. 

In concurrence with the above, when the pressure 
in the discharge passage 8 is lowered under the non- 
operated condition of the actuator the pressure in the 

45 pressure control chamber 36 to be supplied with the thus 
lowered pressure is lowered. This moves the spring 
holding member 37 toward the plug 4. so that th e holding 
member 37 stops at a position at which the projections 
48 thereof are brought into contact with the plug 4. Since 

50 the spring holding member 37 moves in the direction 
away from the spool valve 1 4, the set length of the spring 
17 disposed in compression state between the spring 
holding member 37 and the spool valve 1 4 becomes Li 
as shown In Fig. 1 . Thus, the set length (LI ) of the spring 

55 1 7 under the low pressure condition of the pressure con- 
trol chamber 36 as shown in Fig. 1 increases as com- 
pared with that (L2) under the high pressure condition 
of th pressure control chamber 36 as shown in Fig. 2. 
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As discussed above, the spool valve 1 4 is movable 
in accordance with the pressure differential between the 
opposite sides of the restricting orifice 9 or in accord- 
ance with the balance between the pressure in the first 
pressure chamber 1 5 and the sum of the pressure in the 
second pressure chamber 16 and the biasing force of 
the control spring 17. Accordingly, the biasing force of 
the control spring 1 7 is reduced by an amount corre- 
sponding to a movement distance of the spring holding 
member 37 toward the plug 4, so that the spool valve 
14 is further moved in a direction to reduce the volume 
of thevsecond pressure chamber 16 thereby Increasing 
the opening area of the drain passage 19. 

As a result, hydraulic fluid supplied to the first pres- 
sure chamber 15 is returned to the suction side (not 
shown) of the hydraulic fluid pump and the hydraulic flu- 
id resen/oir through the drain passage 1 9 before flowing 
through the restricting orifice', under a non-operated 
condition of the power steering system in which where 
no hydraulic fluid is required in the actuator. This causes 
the discharge pressure of the hydraulic fluid pump to be 
lowered thereby reducing the amount of work of the 
pump: thus effectively achieving energy saving. 

Additionally, the pressure control chamber 36 is 
formed such that the axis thereof is aligned with the axis 
of the'spool valve accommodating hole section 5, and 
therefore the flow control valve F can be prevented from 
beingHargely Increased in length. 

While the passage 42 for introducing the second 
pressure chamber 16 to the pressure control chamber 
36 has been shown and described as being formed in 
the spring holding member 37. it will be appreciated that 
the passage 42 may be replaced with a passage (not 
shown) formed in the housing 1 in a manner to connect 
the second pressure chamber 1 6 to the pressure control 
charnber 36. 

Figs. 4 and 5 illustrate a second embodiment of the 
flow control device F in accordance with the present in- 
vention, similar to the first embodiment except for the 
structure of the connector 7. In this embodiment, the 
connector 7 is formed with an axial extending hole 51 
which is coaxial with the connector 7 and has a small 
diameter section (no numeral) continuous to the dis- 
charge passage 8, and a large diameter section (no nu- 
meral) continuous to the small diameter section. A gen- 
erally cylindrical sub-spool valve 52 is slidably movabty 
disposed in the hole 51 and includes a generally cylin- 
drical body section (no numeral) formed with an annular 
flange section 52a which extends radially outwardly 
from the body section, In which the annular flange sec- 
tion 52a is slidably movably disposed in the large diam- 
eter section of the hole 51 . An intermediate pressure 
chamber 53 is formed between the flange section 52a 
of the sub-spool valve 52 and an inner wall surface (no 
numeral) defining the large diameter section of the hole 
51 . A spring 54 is disposed within the intermediate pres- 
sure chamber 53 to bias the sub-spool valve 52 toward 
the spool valve 1 4. A pin 55 is planted in the connector 



7 to prevent the sub-spool valve 52 from getting out of 
the connector 7. 

The Inside hollow of the sub-spool valve 52 serves 
as a passage 56 which is in communication with the first 
5 pressure chamber 15. The passage 56 is in communi- 
cation with the . intermediate pressure chamber 53 
through an inclined hole 57 formed through the flange 
section 52a. The sub-spool valve 52 is formed at its one 
end section with oppositely located through-holes 58. 
58 which extend radlially outwardly. The passage 56 is 
communicated through the through-holes 58 with an an- 
nular peripheral groove 59 which is formed an inner pe- 
ripheral surface defining the small diameter section of 
the hole 51 . An axial main orifice 60 is formed in the sub- 
spool valve 52 and located at the tip end portion of the 
sub-spool valve 52. The passage 56 of the sub-spool 
valve 52 is in communication with the discharge pas- 
sage 8 through the main orifice. Additionally, the tip end 
portion of the sub-spool valve 52 is fomied at its outer 
peripheral section with a tapered surface 61 which is ta- 
pered toward the discharge passage 8. The tapered sur- 
face 61 is locatabte radially inside and contactable with 
an annular corner portion (no numeral) defining th pe- 
ripheral groove 59: so that the tapered surface 61 and 
the annular corner portion constitute a sub-orifice 62. 
The sub-orifice 62 is formed coaxial with the main orifice 
60 to constitute the restricting orifice 9 for controllably 
restricting the flow amount of hydraulic fluid to be sup- 
plied into the discharge passage 8. 

The hole 51 further includes a further large diam ter 
section (no numeral) which is continuous to the above- 
mentioned large diameter section of the hole 51 and is 
formed with a cutout 63 which is in communication with 
the introduction passage 20. The pressure of hydraulic • 
fluid In the introduction passage 20 is exerted through 
the cutout 63 onto the flange section 52a of the sub- 
spool valve 52. A guide member 64 is fixedly disposed 
inside the further larger diameter section of the hole 51 
to slidably support the other end section of the sub-spool 
valve 52. An orifice passage 65 is formed between the 
outer peripheral surface of the guide member 64 and 
the inner peripheral surface of the connector 7 at a por- 
tion defining the further large diameter section of the 
hole 51. 

The manner of operation of this embodiment is sim- 
ilar In principle to that of the first embodiment, and there- 
fore the flow amount characteristic of hydraulic fluid 
passing through the restricting office 9 is also the same 
as that (Fig. 3) of the first embodiment. aVshown in Fig. 
6. In Fig. 6, a dotted line represents the same flow 
amount characteristic under a condition that rotational 
speed of the hydraulic fluid pump is higher than a pre- 
determined level, in which a segment a-b corresponds 
to the segment A-B, a segment b-c to the segment B-C, 
and a segment c-d to the segment C-D. 

With this embodiment, when the hydraulic fluid 
pump increases in rotational speed to raise the power 
output thereof, the amount of hydraulic fluid to be intro- 
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duced into the introduction passage 20 Increases so that 
a pressure differential is developed at the upstream and 
downstream sides of the orifice passage 65. The pres- 
sure of hydraulic fluid prevailing at the upstream side of 
the orifice passage 65 is exerted on the flange section s 
52a of the sub-spool valve 52, so that the sub-spool 
valve 52 is moved leftward in Fig. 4 thereby to narrow 
the sub-orifice 62 formed between the tapered surface 

61 of the sub-spooi valve 52 and the annular corner por- 
tion defining the peripheral groove 59. This restricts and io 
reduces a flow of hydraulic fluid through the passage 

56. the. through-holes 58 and the sub-orifice 62. As a 
result, the flow amount of hydraulic fluid is largely re- 
duced as indicated by a segment D-E of Fig. 7, thereby 
accomplishing a flow down control. Fig. 7 represents a is 
variation in flow amount of hydraulic fluid passing 
through the restricting orifice 9 in terms of rotational 
speed of the hydraulic pump. 

When the power output of the hydraulic fluid pump 
is further increased, the sub-spool valve 52 is further 20 
moved leftward in Fig. 4 thereby closing the sub-orifice 

62 formed coaxial with the main orifice 60. This reduces 
the substantial opening area of the restricting orifice 9. 
and therefore the flow amount of hydraulic fluid passing 
through the restricting orifice 9 becomes one indicated 2S 
by a segment E-F in Fig. 7. 

When the pressures prevailing at the upstream and 
downstream sides of the orifice passage 65 become 
generally equal with each other, the sub-spool valve 52 
moves rightward in Fig. 4 under the biasing force of the 30 
spring 54 disposed In the intermediate pressure cham- 
ber 53. This rightward (backward) movement of the sub- 
spool valve 52 is stopped when its tip end (at the side 
of the first pressure chamber 1 5) is brought into contact 
with the pin 55. 3S 

Thus, the flow control device or valve of this embod- 
iment can provide a flow amount characteristic as 
shown in Figs. 6 and 7 under a series of flow control 
operations. As a result, during low vehicle speed cruis- 
ing or stopping of the vehicle, the highest flow amount 40 
of hydraulic fluid can be supplied to the actuator of the 
power steering system thereby obtaining a sufficient as- 
sisting force for assisting the driver's steering effort. Dur- 
ing high vehicle speed cruising in which the ground-con- 
tacting resistance of the road wheels is small, the flow -^5 
amount of hydraulic fluid to be supplied to the actuator 
Is reduced thereby to decrease the steering effort as- 
sisting force, thus obtaining driving stability of the vehi- 
cle. 

Figs. 8 to 1 0 illustrate a third embodiment of the flow so 
control device F according to the present invention, 
which is similar to the first embodiment flow control de- 
vice with the exception that a spring holding member 
control device 1 45 is provided to control a movement of 
the spring holding member 39 toward the spool valve ss 
14 or in a direction to reduce the volume of the second 
pressure chamber 16. 

In this embodiment, the spring holding member 



control device 145 includes an eccentric cam 146 which 
is fixed to an tip end of a rotatable shaft 1 46a which is 
rotationally driven by a step motor 147. The cylindrical 
section 38 of the spring holding member 37 is to be 
brought into contact with the eccentric cam 1 46. The ec- 
centric cam 146 has a circular cross-section in plan and 
formed eccentric relative to the rotatable shaft 1 46a hav- 
ing a circular cross-section in plan, as shown in Fig. 1 2: 
The step motor 1 47 is arranged to control the rotational 
angle of the rotatable shaft 146a in accordance with a 
vehicle (cruising) speed. The step motor 1 47 is supplied 
with a vehicle speed signal representative of the vehicle 
speed, from a vehicle speed sensor (not shown). 

The flow control device of this embodiment oper- 
ates similar in principle to the first embodiment flow con- 
trol device, so that the flow amount characteristic of hy- 
draulic fluid passing through the restricting oiffice 9 is al- 
so the same as that (Fig, 3) of the first embodiment, as 
indicated by the segments A-B. B-C and C-D in Fig. 6. 

In this embodiment, when the pressure in the pres- 
sure control chamber 36 is high relative to the predeter- 
mined level, the spring holding member 37 is moved to- 
ward the spool valve 14 against the biasing force of the 
spring 43 and comes into a position at which at which 
the tip end of the cylindrical section 38 is in contact with 
the eccentric cam 146 as shown in Fig. 9 in which the 
set length (LI in Fig. 8) of the control spring 17 is de- 
creased to that (L2 in Fig. 9). Therefore, the spool valve 
14 is movable in accordance with a balance between 
the sum of the biasing force of the control spring 1 7 (hav- 
ing an installation length of L2) and the pressure in the 
second pressure chamber 16 and the pressure in the 
first pressure chamber 15, in which the spring holding 
member 37 is located in a position determined in ac- 
cordance with the pressure In the pressure control 
chamber 36. Thus, flow control in this flow control valve 
F is accomplished under the above-mentioned balance. 

In this case, the cylindrical section 38 of the spring 
holding member 37 is stopped upon coming into contact 
with the eccentric cam 146 as shown in Fig. 9. In other 
words, a movement of the spring holding member 37 
toward the spool valve 14 is controlled by the spring 
holding member control device 145. More specifically, 
when the vehicle (cruising) speed is high relative to a 
predetermined level, the eccentric cam 146 is rotated to 
a position shown in Fig. 10, so that the spring holding 
member 37 Is held in a position farther from the spool 
valve 1 4 as compared with that in Fig. 9. Thus, the spring 
holding member 37 is moved in accordance with a bal- 
ance between the sum of the biasing force of the control 
spring 17 (having the set length L3) and the pressure in 
the second pressure chamber 16 and the pressure in 
the first pressure chamber 15, so as to accomplish a 
flow control of the hydraulic fluid to be supplied to the 
actuator of the power steering system through the re- 
stricting orifice 9. Consequently, the amount of hydraulic 
fluid to be introduced Into the discharge passage 8 is 
decreased as compared with that in case of Fig. 9 in 
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which the set length of the control spring 17 is L2, there- 
by lowering the flow amount of hydraulic fluid to the ac- 
tuator at a level according to the vehicle speed. In this 
connection, the flow amount characteristic of hydraulic 
fluid passing through the restricting orifice 9 becomes 
on indicated by the segment C-D in Fig. 11 when the 
spring holding member 37 is located at its leftmost po- 
sition as shown in Fig. 9; however, the same flow 
amount characteristic is changed to one indicated by a 
segmentE-F in Fig. 11 when the spring holding member 
37 is located at a slightly rightward position (in Fig. 10) 
relative to the position in Fig. 9. 

Thus, during low vehicle speed cruising or stopping 
of the vehicle, the highest flow amount of hydraulic fluid 
can be provided to the actuator of the power steering 
system thereby obtaining a sufficient assisting force for 
assisting the driver's steering effort. During high vehicle 
speed cruising in which the ground -contacting resist- 
ance of the road wheels is small, the flow amount of hy- 
draulic fluid to be supplied to the actuator is reduced 
thereby to decrease the steering effort assisting force, 
thus obtaining drivirig stability of the vehicle. The maxi- 
mum flow amount of hydraulic fluid to be supplied to the 
actuator is changeably controlled at any values by the 
spring holding member control device 145, thus obtain- 
ing an optimum flow amount for the actuator in accord- 
ance with the vehicle speed. 

While only the step motor 1 47 has been shown and 
described as means for driving the eccentric cam 146 
in this embodiment, it will be understood that an elec- 
tromagnetic solenoid (not shown) may be used in place 
of the step motor 1 47. 

^ Figs. 1 3 to 1 7 illustrate a fourth embodiment of the 
flow control device F according to the present invention, 
similar to the first embodiment flow control device ex- 
cept for the structure of the spring 43. In this embodi- 
ment, the annular flange section 39 is fixed on the pe- 
ripheral surface of a body section 37A of the spring hold- 
ing member 37. The spring accommodating chamber 44 
is defined between the annular flange section 39 and 
the annular side wall la defining the hole section 5B 
forming part of the hole H. 

The spring 43 includes a large diameter coil spring 
43a and a small diameter coil spring 43b which are dis- 
posed coaxial with each other in the spring accommo- 
dating chamber 44. The small diameter spring 43b is 
located Inside the large diameter spring 43a. The spring 
holding member 37 can be biased in a direction to re- 
duce the volume of the pressure control chamber 36 un- 
der the biasing force of the springs 43a, 43b. The large 
diameter spring 43a is fitted in its compressed state with 
a predetermined set load between the annular side wall 
of the flange section 39 of the spring holding member 
37 and the annular side wall la defining the hole section 
5B, The small diameter spring 43b is fitted in its com- 
pressed state with a predetermined set load between 
the annular side wall of th flange section 39 and an 
annular stopper 145 which extends radially outwardly 



and movable by a predetermined distance in the axial 
direction of the springs 43a, 43b. 

The annular stopper 1 45 is slidably fitted on an an- 
nular groove 37B formed on the outer peripheral surface 
5 of the body section 37A of the spring holding member 
37. The annular groove 378 has an axial dimension 
smaller than that of the spring accommodating chamber 
44 defined between the wall la and the flange section 
39 of the spring holding member 37. The annular stop- 
10 per 145 Is slidable along the surface of the annular 
groove 378 In the axial direction of the spring holding 
member 37. Accordingly, the stopper 145 is stopped at 
a position not to be in contact with the annular walMa 
when the spring holding member 37 is located at its 
^5 rightmost position as shown in Fig. 1 3. Thus, In the state 
of Fig. 1 3. the large diameter spring 43a exerts a biasing 
force onto the spring holding member 37, while the small 
diameter spring 43b exerts no biasing force onto the 
spring holding member 37 thereby nnaking no contribu- 
20 tlon to movement of the spring holding member 37. 

It will be understood that the small diameter spring 
43b can exert an effective biasing force onto the spring 
holding member 37 only after the annular stopper 145 
is brought into contact with the annular wall la upon 
25 movement of the spring holding member 37 toward the 
spool valve 14 or leftward in Fig. 1 3. 

This embodiment flow control device F is similar in 
construction to the first embodiment flow control device 
except for the structure of the spring 43 (including the 
30 springs 43a, 43b), and therefore the manner of opera- 
tion of this embodiment will be discussed miainly on the 
effects of the spring 43. . - . 

When the pressure In the discharge passage 8 is 
low below the predetermined level, the pressure (trans* '"^^ 
35 mitted from the discharge passage 8 through the second 

pressure chamber 16) in the pressure control chamber \: 
36 is low and therefore the spring holding member 37 is ^■ 
in the rightmost positibrTas shown In PTg. 13 where the ^ 
projections 48 are brought Into contact with the Inner * 
-^0 wall surface of the plug 4. As a result, the set length of 
the control spring 17 takes the maximum value so that 
the biasing force (set load) of the control spring 17 is 
decreased. Accordirigly, the spool valve 14 is controlled 
under the action of the control spring 17 whose set load 
^5 is decreased, so that the flow amount characteristics of 
hydraulic fluid passing through the restricting orifice 9 
becomes one indicated by the sfegment A-B in Fig. 18 
which shows a variation in flow airiount of hydraulic fluid 
passing through the restricting orifice 9 in terms of dis- ^ 
50 charge pressure of (or pressure^ in) the hydcaulic fluid ■'m^. 
pump. The flow amount characteristics of the segment *5? 
A-B corresponds to that In case no force for assisting a 
driver's steering effort is required In the power steering 
system, or in case the steering wheel is not rotated to 
55 turn the road wheels of the vehicle. 

At this time, the large diameter spring 43a Is con- 
tacted at its one end with the annular wall la of the hous- 
ing 1 so as to exert its axial biasing force onto the spring 
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holding member 37, while the small diameter spring 43b 
is contacted at its one end with the annular stopper 145 
so as not to exert its axial biasing force onto the spring 
holding member 37 as shown in Fig. 13. Consequently, 
the combination of the springs 43a, 43b bias the spring 
holding member 37 toward the plug 4 under its minimum 
biasing force. 

When the actuator of the power steering system be- 
gins to be operated upon rotation of the steering wheel, 
the pressure in the discharge passage 8 is introduced 
into the second pressure chamber 16 through the 
through-hole 12, the peripheral groove 11, the inclined 
hole 24, the pressure- responsive orifice 23, the passage 
21 and the passage 25, and then introduced through the 
passage 42 into the pressure control chamber 36. As a 
result, the pressure in the pressure control chamber 36 
rises, so that the spring holding member 37 moves to- 
ward the spool valve 1 4 against the biasing force of the 
springs 43a, 43b as shown in Fig. 14. At this time, the 
control spring 1 7 is gradually compressed thereby grad- 
ually increasing the set load of the control spring 17. Ac- 
cordingly, the spool valve 14 is controllably axially 
moved in accordance with the slightly increased biasing 
force of the control spring 1 7 and the pressure differien- 
tial between the upstream and downstream sides of the 
restricting orifice 9. As a result, the flow amount of hy- 
draulic fluid passing through the restricting orifice 9 be- 
comes one Indicated by a segment B-C in Fig. 18. Also 
at this time, only the large diameter spring 43a exerts 
its biasing force onto the spring holding member 37 
thereby exhibiting a first stage biasing force of the spring 
43 as shown in Fig. 14. 

The spring holding member 37 is maintained at a 
position obtained upon balance of the pressure in the 
pressure control chamber 36 and the maximum value 
of the first stage biasing force of the spring 43 (corre- 
sponding to the biasing force of the large diameter 
spring 43a) before the spring 43 exhibits a second stage 
biasing force (discussed below) upon the pressure in the 
control pressure chamber 36 having reached a prede- 
termined level, i.e., before the small diameter spring 43b 
exhibits its biasing force upon the stopper 145 being 
brought into contact with the annular wall la of the hous- 
ing 1 , as shown in Fig. 15. At this position of the spring 
holding member 37, the set load of the control spring 1 7 
takes a predetermined level. Accordingly, the spool 
valve 14 accomplishes a flow control of hydraulic fluid 
in accordance with the predetermined biasing force of 
the control spring 17 and the pressure differential be- 
tween the upstream and downstream sides of the re- 
stricting orifice 9. As a result, the flow amount of hydrau- 
lic fluid passing through the restricting orifice 9 becomes 
one indicated by a segment C-D in Fig. 18. This flow 
amount corresponds to that of hydraulic fluid to be sup- 
plied to the actuator of the power steering system at the 
time when the steering wheel is rotated to turn the road 
wheels during a high (vehicle) speed cruising. At this 
time, the large diameter spring 43a is compressed to a 



degree at which the stopper 145 is brought into contact 
with the annular wall la, so that the spring 43 exhibits 
the maximum first stage biasing force for the spring 
holding member 37 as shown in Fig. 15. 
s When the pressure in the pressure control chamber 
36 further increases so as to exceed the maximum first 
stage biasing force of the spring 43. the spring holding 
member 37 is further moved toward the spool valve 14 
against the second stage biasing force of the spring 43, 
10 so that the control spring 17 is gradually further com- 
pressed thereby gradually increasing the set load of the 
spring 43 as shown in Fig. 16. Consequently, the spool 
valve 14 is controllably moved in accordance with the 
increased biasing force of the control spring 17 and the 
IS pressure differential between the upstream and down- 
stream sides of the restricting orifice 9. As a result, the 
flow amount of hydraulic fluid passing through the re- 
stricting orifice becomes one indicated by a segment D- 
E* in Fig. 18. At this time, the spring 43 exhibits the sec- 
20 ond stage biasing force since not only the targe diameter 
spring 43a exerts its biasing force but also the small di- 
ameter spring 43b exerts its biasing force onto the 
spring holding member 37 upon the stopper 45 being 
brought into contact with the annular wall la of the hous- 
es ing 1 so as to compress the small diameter spring 43b, 
as shown in Fig, 16. 

When the pressure in the pressure control chamber 

36 has reached a predetermined high pressure, the 
spring holding member 37 is further moved toward the 

30 spool valve 14 to obtain the maximum volume of the 
pressure control chamber 36, so that the tip end of the 
cylindrical section 38 of the spring holding member 37 
comes into contact with the annular wall 47 defining the 
hole section 5A of the hole H. As a result, the set load 

35 of the control spring 17 becomes the maximum as 
shown in Fig. 17. In this state, the spool valve 14 is 
moved to accomplish a flow control of hydraulic fluid in 
accordance with the biasing force of the control spring 
17 and the pressure differential between the upstream 

-^0 and downstream sides of the restricting orifice 9. Con- 
sequently, the flow amount of hydraulic fluid passing 
through the restricting orifice 9 becomes one indicated 
by a segment E'-F' in Fig. 18. This flow amount corre- 
sponds to the maximum flow amount of hydraulic fluid 
to be supplied to the actuator of the power steering sys- 
tem when the steering wheel is rotated to turn the road 
wheels during vehicle cruising at a low vehicle speed. 
At this time, the large and small diameter springs 43a, 
43b are compressed to the maximum degree thereby 

so exerting the maximum biasing force of the multiple stag- 
es of the biasing forces onto the spring holding member 

37 as shown in Fig. 17. 

While the small diameter spring 43b has been 
shown and described as being supported at its one end 
ss by the movable stopper 145. it will be appreciated that 
the movable stopper may be omitted in which the free 
length of the small diameter spring 43b is such that one 
end of the small diameter spring 43b cannot contact with 
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the annular wall la defining the hole section 5B when the 
spring holding member 37 is in a position to minimize 
the volume of the pressure control chamber 36, thereby 
obtaining a spring biasing force which can change step- 
wise. 



Claims ^ 

1 . A flow control device comprising: 

a Spool valve (14) movably disposed in an axi- 
ally extending hole (H); 

a first pressure chamber (15) defined in the said 
hole (H), in cooperation with a first end of the 
spool valve (14), a drain passage (19) being 
opened to the first pressure chamber (15) and 
closable with the spool valve; 
a second pressure chamber (16) defined in the 
said hole (H), In cooperation with a second end 
of the spool valve (14); 

a restricting orifice (9) communicated with the 
first pressure chamber (15). an introduction 
passage (20) being communicated through the 
restricting orifice (9) with a discharge passage 
(8) and being opened to the first pressure 
chamber (15); 

means (21 ,25) for introducing pressure in the 
discharge passage (8) into the second pres- 
sure chamber (16); and 

a first spring (17) disposed in the second pres- 
sure chamber (16) to bias the spool valve (14) 
in a direction to close the drain passage (19); 
further comprising: 

a spring holding member (37) movably and co- 
axially disposed in the said hole (H), the spring 
holding member (37) having a first end face 

(40) defining the second pressure chamber 
(16) and a second end face (41 ) larger in pres- 
sure-receiving area than the first end face (40), 
the first spring (17) being disposed between the 
spool valve (14) and the~ first end face (40); 

a pressure control chamber (36) communicat- 
ed with the second pressure chamber (16) and 
defined in cooperation with the second end face 

(41) of the spring holding member (37); and 

a second spring (43), for biasing the spring 
holding member (37) in a direction to reduce 
the volume of the pressure control chamber 
(36). 



axial. 

4. A flow control device as claimed in claim 1 , wherein 
the restricting orifice (9) comprises a sub-orifice 
(62) coaxial with a main orifice (60) of constant 
opening area, the sub-orifice (62) being variable in 
opening area in accordance with a flow amount of 
a fluid in the introduction passage (20). 
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A flow control device as claimed in claim 4. wherein 
the first pressure chamber (15) is defined by a con- 
nector (7) having the discharge passage (8), the 
main orifice (60) and sub-orifice (62) being defined 
in the connector (7). 



6. A flow control device as claimed In claim 5, wherein 
the connector (7) Includes a sub-spool valve (52) 
movably disposed in a hole (51) and having the 
main orifice (60), through which the first pressure 

20 chamber (15) is In communication with the dis- 
charge passage (6), the sub-spool valve being ax- 
iaily movable In response to pressure of the fluid in 
the introduction passage (20). the sub-orific (62) 
being defined between an inner surface of the said 

2$ hole (51 j and an outer peripheral surface (61 ) of the 
sub-spool valve. theflrstpressurechamber.(15) be- 
ing communicable with the discharge passage (8) 
through the sub-orifice (62). 

30 7. A flow control device as claimed In any preceding 
claim, further comprising means (145) for control- 
ling movement of the spring holding member (37) 
towards the spool valve (14) in accordance with an 
operating condition, e.g. speed, of a vehicle 

3S equipped with the flow control device. 

8. A flow control device as claimed in claim 7, wherein 
the said controlling means (145) includes an eccen- 
tric cam (146) to which the spring holding member 
40 (37)'is axially contactable, and driving rneans (1 46), 
preferably a step motor, for rotating the eccentric 
cam (146) in accordance with the vehicle operating 
condition. 

45 9. A flow control device as claimed in any preceding 
claim, wherein the biasing force of the second 
spring (43) increases stepwise as the spring holding 
member (37) moves in a direction to increase the 
volume of the pressure control chamber (36). 



so 



3. 



A flow control device as claimed in claim 1 , wherein 
the pressure control chamber (36) is larger in cross- 
sectional area than the second pressure chamber 
(16). 55 

A flow control device as claimed In claim 1 or 2, 
wher in the first and second springs (1 7,43) are co- 



10. A flow control device as claimed in claim 9, wherein 
the second spring (43) includes coaxial coil springs 
(43a. 43b) which are different In free length. 
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